Introduction
Topiramate, a sulfamate substituted monosaccharide, is widely used in the treatment of epileptic syndromes and migraine. 1 It has also been used in the management of migraine, depression, and neuropathic pain, and to aid weight loss. However, topiramate therapy has also been associated with several adverse effects. Since 2001, a range of adverse ocular effects associated with topiramate therapy have been described related to acute glaucoma and acute myopia. 2 More recently, the effects of topiramate on macula function have been reported. Topiramate-induced anterior uveitis has also been described in association with hypopyon formation. 2 The objective of this report was to describe and discuss a case of reversible topiramate-induced maculopathy in a patient with IgG4-related disease.
Case report
A 32-year-old female of Egyptian origin presented with a 2-week history of decreased vision in the left eye. There was no past history of eye problems, injury, or previous eye surgery. She was under the care of a neurologist with a 2-year history of IgG4 systemic fibrosclerosis with mediastinal involvement. A chest X-ray taken after a nonresolving chest infection revealed a pulmonary infiltrate and the patient underwent thoracotomy and biopsy of the lesion. The diagnosis of IgG4-related disease was confirmed histologically. IgG4 serum level was elevated at 410 mg/dL. Inflammatory markers demonstrated a raised erythrocyte sedimentation rate. She had also completed empirical tuberculosis treatment. Her past medical history included epilepsy, chronic migrainous headache, 
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DaCosta and Younis low mood, lumbosacral back pain secondary to intervertebral disc protrusion at the level of L5/S1, and disturbed sleep with episodic sleep paralysis with possible restless leg syndrome. She had been consuming 75 mg of Topamax ® (topiramate) for 12 months on the advice of her neurologist and had previously been prescribed azathioprine and rituximab. Current treatment included pregabalin, duloxetine, and oral prednisolone with alendronic acid weekly, and calcichew and lansoprazole daily. The presenting best corrected vision was 6/6 in the right eye and vision of 6/9 in the left eye. Clinical examination showed bilateral anterior uveitis with bilateral cystoid macular edema. Intraocular pressures were within normal limits with deep anterior chambers. Pupils were equal and reactive with no relative afferent pupillary defect. Color vision was decreased in the left eye. Dilated fundal examination revealed cystoid macula edema, optic discs were normal, and retinal vasculature was normal. No vitritis was present. Magnetic resonance imaging showed normal intracranial and orbital appearances. Systemic workup demonstrated increased levels of inflammatory markers: erythrocyte sedimentation rate and C reactive protein. Antinuclear antibody, rheumatoid factor, anti-neutrophil cytoplasmic antibody, angiotensin converting enzyme, and syphilis testing were negative.
The patient was initially treated with dexamethasone 0.1% qds to both eyes. Vision subsequently deteriorated to 6/13 in the right eye and 6/38 in the left eye over the next few weeks. Spectral domain optical coherence tomography (OCT) (Cirrus, Carl Zeiss Meditec, Dublin, CA, USA) revealed bilateral intraretinal fluid cysts. Fundus fluoroscein and indocynanine green angiography showed no vasculitis or vascular leakage at the macula. The patient was known to be a long-standing myopic with a refraction of −8.00 D sphere bilaterally. Goldmann visual field testing showed bilateral central scotomas.
Electrodiagnostic testing showed normal bilateral pattern and flash visually evoked potentials. Pattern electroretinograms (ERGs) were moderately subnormal in both eyes. Multifocal ERGs showed reduced bilateral responses. The findings suggested bilateral central macular dysfunction, with no electrophysiological evidence of generalized retinal dysfunction or optic nerve dysfunction. The findings were consistent with bilateral macular edema ( Figure 1) .
After neurology consultation, the patient was advised to stop taking topiramate and subsequently OCT macular changes were completely resolved ( Figure 2 ).
Due to weight gain after cessation of therapy, the patient recommenced topiramate treatment with recurrence of maculopathy. Vision decreased to 6/24 on the right and 6/19 on the left over a 6-month period. She was advised again to cease topiramate and subsequently macular changes resolved completely.
The resolution of the symptoms and macular signs in this patient after cessation of therapy strongly suggest that topiramate was the relevant etiological factor. This patient's maculopathy was reversible on cessation of topiramate.
The patient provided written consent for publication. The patient was not enrolled in a clinical trial and did not receive any experimental treatment, hence ethical approval was not sought from the institutional review board.
Discussion
Topiramate is a monosaccharide related to fructose, containing a substituted sulfamate moiety, first synthesized in 1979. 3 The sulfamate moiety is considered an essential component 
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Topiramate-induced maculopathy in IgG4-related disease for anticonvulsant activity of the drug. The efficacy of topiramate has been established as monotherapy or adjunctive therapy in the treatment of adult and pediatric patients with generalized tonic-clonic seizures, partial seizures with or without generalized seizures, and seizures associated with Lennox-Gastaut syndrome. 1 The safety of topiramate in epilepsy was assessed in a prospective add-on trial of topiramate therapy to standard therapy in patients with epilepsy. 4 A total of 106 patients were studied. 4 The drug was well tolerated in >65% of cases for side effects such as psychosis, giddiness, and anorexia. Mild side effects were seen in <35% of cases. 4 The most common reported ocular side effects of topiramate are the induction of acute myopia and secondary angle closure glaucoma, 5 which is reported to have occurred within the first month of commencing topiramate and is associated with increase in dosage from 25 to 50 mg/day. 5 The patient may report acute onset of blurred vision with a red painful eye. On examination, the intraocular pressure is found to be raised, along with increased myopia, choroidal effusion, and an anterior displacement of the iris-lens diaphragm associated with narrowing of the anterior chamber angle, which is the space between the iris and cornea. Carbonic anhydrase inhibition by topiramate is not considered to be the pharmacological mechanism for these effects. 5 Carbonic anhydrase inhibitors are well-established therapeutic agents to treat glaucoma. It is likely that the effect of topiramate on the function of aquaporins, water channels that regulate intraocular fluid formation and hence intraocular pressure, may be responsible for these adverse ocular effects. 5 The exact pathophysiological mechanisms are yet to be fully elucidated.
Asenio-Sanchez et al 6 reported a case of irreversible visual loss secondary to maculopathy related to topiramate use. Vision did not recover 1 year after the cessation of topiramate. Tsui et al 7 reported a case of electronegative ERG associated with topiramate toxicity and coexistent vitelliform maculopathy. The patient had ceased therapy with 400 mg topiramate, which she had been taking for 4 years and 9 months prior to the onset of decreased vision in both eyes. 7 The mechanism by which topiramate may cause maculopathy remains uncertain.
Electronegative ERGs caused by topiramate have been reported in rabbits 8 but not in humans. Topiramate has been demonstrated to modify several receptor-gated and voltagesensitive ion channels, 9 which may result in accumulation of gamma-aminobutyric acid in the inner segment layer.
Gualtieri and Janula 10 reported a case of isolated topiramate-induced maculopathy. This was unassociated with well-documented adverse ocular effects such as acute glaucoma, myopia, and choroidal effusions described in relation to topiramate therapy. It was suggested 10 that the macular striae and OCT changes could be interpreted as a result of an effusion syndrome confined to macular choriocapillaris, which had not yet progressed to a full ocular syndrome.
Severn et al 11 reported a case of topiramate maculopathy secondary to dose titration. The patient reportedly 11 discontinued topiramate of his own volition after the onset of visual symptoms related to a prescribed increase in the dose from 75 to 100 mg. This was associated with a resolution of bilateral retinal macula striae and improved vision. Kozner et al 12 described the development of an acute myopia syndrome secondary to topiramate discontinuation, a dose decrease. Kozner et al 12 hypothesized that sudden changes in the plasma levels of topiramate may result in abnormal carbonic anhydrase activity and subsequent accumulation of fluid within the uveal tissue. This, in turn, alters permeability of the choriocapillaris, providing a pathophysiological mechanism for the aetiology of choroidal folds. 
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This report agrees with this suggestion that an isolated maculopathy associated with topiramate therapy may be the initial reversible sign of the full ocular syndrome which, when established, may be irreversible. An additional factor of the patient in our report is the presence of IgG4-related disease. IgG4-related disease is a disorder of unknown aetiology associated with lymphoplasmacytic tissue infiltration with a predominance of IgG4-positive plasma cells and T lymphocyctes, usually accompanied by fibrosis, obliterative phlebitis, and elevated serum levels of IgG4. 13 Ocular involvement in IgG4-related conditions has been described in relation to orbital disease; 13 however, no specific reports of isolated maculopathy in relation to this condition have been published to date. The pathogenesis of IgG4-related disease is poorly understood with findings of both an autoimmune disorder and an allergic disorder present. 13, 14 A specific autoantigenic target has not been identified yet and it is not clear whether the IgG4 autoantibodies are pathogenic. 15 IgG4 levels >135 mg/L are widely accepted for the diagnosis of IgG4-related disease. 16 However, high serum levels of IgG4 have been found in patients with other autoimmune diseases, carcinoma, and other conditions. 17 Carrunthers et al 17 studied the diagnostic utility of serum IgG4 concentrations in IgG4-related disease. Their conclusions 17 were that a substantial subset of patients with biopsy-proven IgG4-related disease did not have elevated serum IgG4. Autoantibodies have been described against carbonic anhydrase in IgG4-related pancreatitis, a condition considered to be the prototype for IgG4-related disorder; 18 however, there is no definitive evidence to support the role of autoimmunity in this disorder. Intraocular inflammation is well recognized to be associated with cystoid macula edema, and the patient in this report was noted to have bilateral anterior uveitis. Bilateral anterior uveitis, in addition to features of acute angle closure glaucoma associated with topiramate use, has been described by Jabbarpoor Bonyadi et al 2 Topiramate was discontinued and 3 days after the intraocular pressure was controlled, the patient developed a severe anterior uveitis with hypopyon and posterior synechia formation between the iris and lens. 2 The patient in Jabbarpoor Bonyadi et al's report 2 was fully investigated for uveitis and no cause was found. Jabbarpoor Bonyadi et al 2 speculated that the high intraocular pressure may have inhibited aqueous flow and hence, hypopyon formation in the early stages of disease. The patient responded to a tapering course of oral steroids. Jabbarpoor Bonyadi et al 2 considered that the case reported was drug-induced anterior uveitis secondary to topiramate.
Osmotic retinal hemostasis is maintained by waterselective channels, the aquaporins, and osmotic stress has been shown to decrease aquaporin 4 production in culture. 19 Topiramate is suggested to inhibit the function or expression of aquaporins 1 and 4. 5 This provides a putative pathophysiological mechanism to explain how an autoimmune disease such as IgG4-related inflammatory disease might influence the pharmacokinetics of topiramate. In addition, it is postulated that an autoantibody reaction in IgG4-related disease may stimulate carbonic anhydrase, thereby disturbing the normal fluid dynamics of the choroid and retina. The exact mechanisms are yet to be fully elucidated.
This case report is the first to describe topiramate-induced maculopathy in IgG4-related disease and highlights the mechanisms by which the molecular pharmacodynamics of topiramate can be modified by an autoimmune condition such as IgG4-related disease.
The limitations of this report is that it is difficult to draw inferences from a single case and IgG4-related disease may not be a single entity, rather a collection of conditions with variable presentations and levels of autoantibodies. Further research will determine the molecular pharmacological targets of topiramate and the interaction with specific autoantibodies.
In conclusion, ophthalmologists and neurologists should be aware that patients presenting with topiramate-associated maculopathy should be advised to discontinue topiramate promptly to prevent irreversible loss of vision.
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